Forty mercury isotopes have so far been observed; the discovery of these isotopes is discussed. For each isotope a brief summary of the first refereed publication, including the production and identification method, is presented.
INTRODUCTION
The discovery of the mercury isotopes is discussed as part of the series of the discovery of isotopes which began with the cerium isotopes in 2009 [1] . The purpose of this series is to document and summarize the discovery of the isotopes. Guidelines for assigning credit for discovery are (1) clear identification, either through decay-curves and relationships to other known isotopes, particle or γ-ray spectra, or unique mass and Z-identification, and (2) publication of the discovery in a refereed journal. The authors and year of the first publication, the laboratory where the isotopes were produced as well as the production and identification methods are discussed. When appropriate, references to conference proceedings, internal reports, and theses are included. When a discovery includes a half-life measurement the measured value is compared to the currently adopted value taken from the NUBASE evaluation [2] which is based on the ENSDF database [3] .
DISCOVERY OF 171−210 HG
Forty mercury isotopes from A = 171 − 210 have been discovered so far; these include 7 stable, 26 proton-rich and 7 neutron-rich isotopes. According to the HFB-14 model [4] , 268 Hg should be the last bound neutron-rich nucleus ( 265 Hg is predicted to be unbound). Along the proton dripline two more isotopes are predicted to be stable and it is estimated that seven additional nuclei beyond the proton dripline could live long enough to be observed [5] . Thus, there remain 66 isotopes to be discovered. Less than 40% of all possible mercury isotopes have been produced and identified so far.
Figure A summarizes the year of first discovery for all mercury isotopes identified by the method of discovery. The range of isotopes predicted to exist is indicated on the right side of the figure. The radioactive mercury isotopes were produced using fusion evaporation (FE), light-particle reactions (LP), neutron-capture (NC), spallation reactions (SP), projectile fragmentation or fission (PF), and α-decay Alpha Decay (AD) -9 Undiscovered, predicted to be bound Undiscovered, unbound with lifetime > 10 s
FIG. A.
Mercury isotopes as a function of time they were discovered. The different production methods are indicated. The solid black squares on the right hand side of the plot are isotopes predicted to be bound by the HFB-14 model. On the proton-rich side the light blue squares correspond to unbound isotopes predicted to have lifetimes larger than ∼ 10 −9 s.
(AD). The stable isotopes were identified using mass spectroscopy (MS). Heavy ions are all nuclei with an atomic mass larger than A=4 [6] . Light particles also include neutrons produced by accelerators. In the following, the discovery of each mercury isotope is discussed in detail. 171 Hg 171 Hg was discovered by , and published in Decay studies of 170,171 Au, 171−173 Hg, and 176 Tl [7] . The cyclotron of the Accelerator Laboratory of the University of Jyväskylä in Finland was used to produce the isotopes by the 96 Ru( 78 Kr,3n) fusion evaporation reaction. The isotopes were separated by the gas-filled recoil separator RITU, and implanted into a position sensitive silicon strip detector. "A new α-decaying isotope 171 Hg and the previously known 172 Hg isotope were produced via 3n-and 2n-fusion evaporation channels in the bombardment of the 96 ,3n) , respectively. To identify the mass, the isotopes were separated using the Argonne Fragment Mass Analyzer. Three strong lines "are also present in decays followed within 100 ms by α particles corresponding to the decay of 168 Pt (E α ≈6.83 MeV), and thus are assigned to the decay of the previously unknown isotope 172 Hg." The observation of α-radiation populating 169 Pt "leads to an unambiguous assignment of this group to the decay of a new isotope 173 [12] . A lead target was bombarded with 600 MeV protons by the synchrocyclotron at CERN. 178 Hg was separated and identified with the the isotope-separator-on-line facility ISOLDE by measuring α energies and half-lives. "The assignment of the 6425 keV line to 178 Hg cannot be doubted since all conceivable contaminants have lower alpha energies." The measured half-life of 0.47 (14) s agrees with the currently adopted value of 0.266(25) s.
179,180
Hg 179 Hg and 180 Hg were discovered by Hansen et al. in 1970 and reported in Studies of the α-active isotopes of mercury, gold and platinum [13] . A lead target was bombarded with 600 MeV protons by the synchrocyclotron at CERN and 179 Hg and 180 Hg were separated and identified with the the isotopeseparator-on-line facility ISOLDE. "The α-decay energy for 180 Hg is 6.118 MeV; T 1/2 was found to be 2.9±0.3 sec... The line at 6.270 MeV, containing altogether 19 counts, is from 179 Hg. The assignment is certain, because the energy is higher than any other observed in connection with the study of the mercury isotope." The measured half-life of 2.9(3) s for 180 Hg agrees with the currently adopted value of 2.58 (1) [14] . 600 MeV protons from the CERN synchrocyclotron bombarded a lead target and 181 Hg was separated using the ISOLDE facility. The paper summarized the ISOLDE program and did not contain details about the individual nuclei other than in tabular form. The detailed analysis was published in reference [13] . The measured half-life of 3.6(3) s was misprinted as 3.6(3) m in [14] and corrected in an errata. This value agrees with the adopted value of 3.6(1) s. 182 Hg 182 Hg was discovered by Demin in 1968 et al. in New Mercury Isotopes [15] . 182 Hg was produced by the fusion-evaporation reactions 147 Sm + 40 Ar and 170 Yb + 20 Ne at the homogeneous magneticfield cyclotron of the Laboratory for Nuclear Reactions in Dubna, Russia. The alpha radiation was then analyzed by a semiconductor spectrometer. "The 182 Hg assignment is confirmed also by the fact that the decay curve of 178 Pt in the appropriate part of the excitation function shows a slight activation in accordance with the half-life of 182 Hg." The measured half life of 9.6(2) s is close to the adopted value of 10.83(6) s.
183,184 Hg
Hansen et al. reported the first observations of 183 Hg and 184 Hg in the paper Decay Characteristics of Short-Lived Radio-Nuclides Studied by On-Line Isotope Separator Techniques in 1969 [14] . 600 MeV protons from the CERN synchrocyclotron bombarded a lead target and 183 Hg and 184 Hg were separated using the ISOLDE facility. The paper summarized the ISOLDE program and did not contain details about the individual nuclei other than in tabular form. The detailed analysis was published in reference [13] . The measured half-lives of 8.8 (5) [19] . Mercury isotopes were produced in (p,xn) spallation reactions at the Orsay synchrocyclotron and mass 190 was selected with an isotope separator. K-X-rays were detected with a NaI(Tl) detector. "Nous avons observé dans la décroissance du rayonnement K principalement deux périodes en filiation 21±2 mn suivie de 45±3 mn. Nous attribuons ces périodes respectivementá 190 Hg etá son descendant 190 Au." (We observed the decay by K-radiation to consist mainly of two correlated periods, 21±2 m followed by 45±3 m. We attributed these periods with 190 Hg and its daughter 190 8(1) h. Previously a ∼ 45-m half-life first observed by Heyn [26] was incorrectly assigned to 197 Hg [27] .
198−201 Hg
The stable isotopes 198−201 Hg were discovered by Aston in 1925 published in The Isotopes of Mercury [28] . A new mass spectrograph with twice the dispersion of the previous one made the identification of the mercury isotopes possible. "Preliminary photographs of the mass-spectra of mercury show its lines clearly resolved and so enable a definite statement to be made on the mass numbers of its most important constituents." 202 
Hg
In 1920 Aston reported the discovery of the stable isotope 202 Hg in The Constitution of the Elements [29] . Aston used a mass spectrograph to identify two isotopes of mercury: "Further examination of the multiply charged mercury clusters indicate the probability of a strong line at 202, a weak component at 204." Aston published the actual spectra a few months later [30] . 203 Hg 203 Hg was first identified by in Radioactive Isotopes of Mercury [31] . The isotope was formed by irradiating stable mercury isotopes with neutrons produced by the bombardment of lithium with 14 MeV deuterons from the 60-inch cyclotron at the University of California, Berkeley. "Since both slow and fast neutrons produce the activity, the best assignment is Hg 203 which can be produced by n-γ reaction from Hg 202 , and by n-2n reaction from Hg 204 ." The half-life of 51.5 (15) d is consistent with the adopted value of 46.594(12) d. In 1937 a ∼45 m half-life had been incorrectly assigned to 203 Hg [32] . A half-life of ∼50 d had been previously observed, but no mass assignment was made [25] . 204 
In 1920 Aston reported the discovery of the stable isotope 204 Hg in The Constitution of the Elements [29] . Aston used a mass spectrograph to identify two isotopes of mercury: "Further examination of the multiply charged mercury clusters indicate the probability of a strong line at 202, a weak component at 204." Aston published the actual spectra a few months later [30] . 205 Hg 205 Hg was discovered by and published in Deuteron Bombardment of the Heavy Elements [33] . Mercury was bombarded with 9 MeV deuteron beams from the Cavendish cyclotron. Resulting beta radiation "has been assigned to Hg 205 decaying to Tl 205 by the emission of continuous β -rays." The measured half-life of 5.5(2) m agrees with the adopted value of 5.14(9) m. Previously a half-life measurement of 40 h half-life was incorrectly assigned to 205 Hg [34] . In 1998 Zhang et al. reported the discovery of 209 Hg in Neutron-rich heavy residues and exotic multinucleon transfer [39] . A lead target was bombarded by a 50 MeV/nucleon 18 O beam from the Heavy Ion Research Facility at the Institute of Modern Physics in Lanzhou, China. The isotopes were separated online with a gas-thermochromatographic device and γ-β coincidences were recorded. " 209 Hg was created through an exotic −2p3n multinucleon transfer process and was identified for the first time." The half-life value of 35 +9 −6 s is currently the only measurement. It should be noted that Zhang submitted the results simultaneously to a separate journal [40] . 210 Hg 210 Hg was produced by Pfützner et al. in 1998 in New isotopes and isomers produced by the fragmentation of 238 U at 1000 MeV/nucleon [41] . Projectile fragmentation was used to produce the isotope by bombarding a beryllium target with a 1000 MeV/nucleon 238 U beam from the SIS/FRS facility at GSI in Darmstadt, Germany. "Although only five counts represent the experimental evidence for the observation of 210 Hg, the very small number of background events on the identification plots supports the adopted assignment."
SUMMARY
The discoveries of the known mercury isotopes have been compiled and the methods of their production discussed. The identification of the odd mercury isotopes between mass 183 and 205 proofed to be especially difficult. 183 Hg, 197 Hg, 203 Hg, and 205 Hg, were initially incorrectly identified. The halflife of 203 Hg had been observed previously but without a mass assignment. For 189 Hg and 191 Hg it could not be determined if the ground state or an isomeric state was observed, while for 193 Hg and 195 Hg the isomeric state was most likely observed first. The half-life measurement of 194 Hg was initially reported incorrect. It is interesting to note that the half-life of 207 Hg had been reported in a 1981 conference proceedings and even after over 25 years has not been published in a refereed journal. Finally, the discovery of 209 Hg was reported by the authors simultaneously in two different journals. 
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